SUMMARY Sulphasalazine treatment for inflammatory bowel disease in man causes oligospermia, reduced sperm motility and an increased proportion of abnormal forms. On withdrawal of sulphasalazine these effects are found to be reversible and 15 pregnancies occurred at a median of 2-5 months after stopping sulphasalazine therapy. Seminal plasma concentrations of acid phosphatase fructose and PGE2 as well as the hormone profiles of patients on sulphasalazine for three months were found to be within normal limits. Sulphasalazine fed to male Sprague Dawley rats caused a dose dependent and reversible infertility with a significant reduction in litter size. Rats fed the metabolite sulphapyridine also had a reduced litter size when mated, while those fed the metabolite 5'aminosalicylic acid and a polymer of 5'aminosalicylic acid did not. It seems likely that the sulphapyridine moiety of sulphasalazine is responsible for the infertility seen, the effect being mediated at a late stage in sperm maturation.
Sulphasalazine has an established role in the treatment of ulcerative colitis and is increasingly used for indefinite maintenance treatment since its introduction over 40 years ago.' It has also been used with some success in Crohn's disease particularly when the disease involves the colon. Male infertility was not a recognised complication2 until Levi and his colleagues3 published a report on four patients. Simultaneously and independently Toth4 described a similar phenomenon, a characteristic 'megalo' head type sperm found in patients treated with sulphasalazine. Male infertility is now acceptedas a frequent complication of sulphasalazine therapy.
The aim of this study was to extend the original observations, and develop an animal model to study possible mechanisms.
Methods

MAN
Sixty four patients (ages years) with inflammatory bowel disease documented by clinical histological or radiological means were able to provide semen samples. Informed consent was obtained. Semen was collected after at least 48 hours abstinence from seminal emission. All samples were analysed within two hours of production.
The patients were divided into three groups: Group 1: nine patients who were on no treatment. Group 2: 39 patients who were taken 2-4 g sulphasalazine fos more than three months. Group 3: 16 patients who had discontinued sulphasalazine treament for more than three months.
Seminal plasma from eight patients on and off sulphasalazine for more than three months was analysed for acid phosphatase and fructose by a colorimetric method.'0 fl PGE2 was analysed using gas chromatography.12
Acetylator status The acetylator phenotypes of 20 patients on sulphasalazine therapy for at least three months were determined by Schroder 
RATS
Sulphasalazine dose response Male Sprague Dawley rats, assigned at random to groups of size 10, were treated with sulphasalazine at 0, 154, 386, 617 mg/kg body wt/day for a period of eight weeks in addition to a normal diet. Fertility was assessed by sequential introduction of two virgin females. Twenty days after the date of mating, females were killed and numbers of live foetuses and resorptions counted. The foetuses were also weighed.
Metabolites
Groups of 10 male Sprague Dawley rats were treated with sulphapyridine (321 mg/kg body wt/ day), 5'aminosalicylic acid (296 mg/kg body wt/day), and a compound composed of two 5'aminosalicylic acid molecules bound together (Pharmacia) (296 mg/kg body wt/day) for a period of five weeks.
Fertility was again assessed by sequentially introducing two virgin female rats which were subsequently killed at 20 days after mating and the number of live foetuses and resorptions counted.
Time course Groups of 10 male Sprague Dawley rats were treated with 0 and 617 mg/kg body wt/day of sulphasalazine and two virgin female rats were mated sequentially with these males after 21 days and 35 days on the drug, and at 6-10 days, 10-14 days, and 14-18 days off the drug. Fertility was assessed as described above.
Histology
Eight male Sprague Dawley rats treated with sulphasalazine at 617 mg/kg body wt/day and eight controls were killed at 10 weeks. Their testes, epididymis and ventral prostate were weighed; and also examined histologically after fixation in haematoxylin and eosin.
STATISTICAL ANALYSIS
Mean values for the three patient groups were compared using analysis of variance, and contrasts were performed to compare each salazopyrine group with the control group. For comparisons involving two patient groups t tests were used. Sperm count was square root transformed, while morphology and acid phosphatase were log,o transformed to achieve homogeneity of variance.
The mean litter size and mean number of resorptions were calculated for each male rat, and Kruskal-Wallis analysis of variance of ranks was used to compare treatment groups. Mann-Whitney U tests were performed to compare each treatment group with the control group.
Results
MAN
Group I patients who had documented inflammatory bowel disease and were receiving no treatment had mean sperm counts of 49 3 (95% confidence limits for the mean 27.7-77 1) progressively motile sperm 48-6 (34.4-62.7)% and abnormal forms 21-7 (15.8-29.6)% which was comparable with the normal limits in our lab.
(Sperm density normal range is greater than or equal to 40x 106 sperm/ml, sperm motility normal range is greater than or equal to 60% and sperm morphology normal range is less than or equal to 30% abnormal forms) (Fig. 1) .
Group II patients on sulphasalazine, 2-4 g/day had a significant decrease in sperm counts, 24-0 (16.4-32.9)x106 sperm/ml (p=003) and motility 29-6 (22.8-36.4)% (p=0.03) and an increase 35-3 (30.5-40.9)% (p=0.008) in abnormal morphological forms (Fig. 1 (Fig. 1 ).
The period of ingestion before withdrawal was a mean of 4-5 years. All the patients were trying to father children. The median interval between withdrawal of sulphasalazine and pregnancy was 2 the result is awaited.
Three of the patients in Group II fathered full term normal children while on sulphasalazine.
Seminal plasma Semen acid phosphatase was 55 560 (15 810-195 300) IU/l while on sulphasalazine and 53 860 (15 330-189 300) IU/l when off sulphasalazine. Fructose was 17-0 (9-9-24.1) mmol/l while on sulphasalazine and 16-1 (9-6-22.7) mmol/l when off sulphasalazine. PGE2 was 44 (19-2-68-8) ,ug/ml while on sulphasalazine and 46 5 (14.6-78.4) jig/ml when off sulphasalazine. In no case was there a significant difference when on and off drug (Fig. 2) .
Acetylator status
The slow acetylator patients had significantly lower sperm counts than fast acetylators (Fig. 3 ).
Hormones
The hormone profiles both on and off treatment were virtually identical for LH, FSH, testosterone and prolactin (Fig. 4) .
RATS
The -20 sulphapyridine (75%) and 5'aminosalicylic acid (80%) or the 5'aminosalicylic acid-5'aminosalicylic acid polymer (80%), compared to controls (80%).
There was a dramatic-reduction in median litter size in the groups treated with sulphasalazine.for eight weeks 3*50 (2.0-6.5) live/pregnant female (median and its 95% confidence limits) compared with controls 14-0 (12.0-15.50) live/pregnant female (p=0.0001). This was also seen when sulphapyridine was compared with controls 6.0 (2.5-10-5) vs [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] (Fig. 6) .
Foetal weights and numbers of resorptions were similar in all groups studied.
Time course
The time course experiments suggested that an effect was evident after two weeks exposure and that this effect was reversible, as the litter size of female rats mated with treated males had returned to normal at 14 days after drug withdrawal (Fig. 7) .
Histology ( These studies extend our previous observations that sulphasalazine has a spoiling effect on human semen. There is a significant fall in the sperm count, a decrease in motility and an increased number of abnormal forms. These abnormalities were reversed three months after drug withdrawal. Further evidence that this effect is reversible is provided by the 15 pregnancies which occurred after a median withdrawal time of 2-5 months. Three patients apparently fathered children while on the drug. This emphasises that the laboratory measurements are not absolute indicators of fertility. The infertility was not caused by inflammatory bowel disease as patients not on treatment had normal semen measurements even though their symptoms weve often more severe than those of treated patients. This differs from Schramm et al16 who found that patients with inflammatory bowel disease had abnormal spermatograms although no information on drug therapy was given.
The effect appears not to be mediated hormonally as the patients had an almost identical hormone profile while on and off the drug. The seminal plasma measurements were all within normal limits.
Sulphasalazine and its metabolite sulphapyridine induces a reversible infertility in male rats. The time course investigation showed that recovery occurs within 14 days of withdrawal. The maturation of sperm from spermatogonia is 60 days in rats. ' Sperm have to undergo a maturation process before they are able to fertilise an egg, and one of the major steps in this process is the acrosome reaction. The acrosome is a membrane bound organelle located in the sperm head and it contains many enzymes, at least some of which appear to play a specific role in the penetration of sperm through the layers surrounding the egg. During the acrosome reaction, the sperm plasma membrane and the outer acrosomal membrane fuse forming vesicles and thus permitting release of enzymes.
It is possible that sulphasalazine and sulphapyridine inhibit enzymes in the acrosomal membrane. The large head may merely reflect membrane damage because of the resulting leakage.4 It is interesting to note that patients on sulphasalazine have a characteristic 'megalo' head form which may be caused by the antifolate effect of sulphasalazine.20 Giving patients large doses of folate, however, failed to improve the sperm counts whereas withdrawal of sulphasalazine did improve them (unpublished data).
The rat studies showed that the semen spoiling effect of sulphasalazine was dose related. This would be in keeping with the finding of lower sperm counts in the slow acetylators who presumably had higher sulphasalazine blood levels.
It is possible that sulphasalazine or some part of the sulphapyridine molecule may have a future role as a male contraceptive. Gossypol21 and chlorinated sugars22 have been found to induce low sperm counts. Both of these compounds are toxic. Gossypol has been used with success in China in man but is only recently available for evaluation in the West. Chlorinated sugars inhibit glycolytic enzymes in the sperm. Glucose is required for optimal results in the in vitro fertilisation of rat eggs.22 As it is the sulphapyridine moiety that causes this side effect and it is 5'aminosalicylic acid which is the active therapeutic component,2> the recognition of this important side effect may hasten the use of new compounds of 5'aminosalicylic acid which we have shown not to induce infertility in the rat. It is surprising that it has taken 40 years to discover the side effect and emphasises the need to take a drug history from both partners when investigating infertility. It is important to advise patients as the peak onset of the disease is in the younger age group and current practice is to prescribe long term sulphasalazine therapy.
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